Sometimes, hepatitis B virus (HBV)-related cirrhotic patients with normal aminotransferase levels are closely followed-up for the elevation of aminotransferase levels instead of prompt antiviral therapy (AVT). We analyzed the long-term hepatocellular carcinoma (HCC) risk according to the aminotransferase levels in a retrospective cohort of 1,468 treatmentnaïve, HBV-related, compensated cirrhosis patients with elevated HBV DNA levels (≥ 2,000 IU/mL). Based on aminotransferase levels, patients were categorized into normal (< 40 U/L, n = 364) and elevated group (≥40 U/L, n = 1,104). During a median of 5.3 yr of follow-up (range: 1.0-8.2 yr), HCC developed in 296 (20%) patients. The 5-yr cumulative HCC incidence rate was higher in patients with elevated aminotransferase level, but was not low in normal aminotransferase level (17% vs. 14%, P = 0.004). During the follow-up, 270/364 (74%) patients with normal aminotransferase levels experienced elevation of aminotransferase levels, and AVT was initiated in 1,258 (86%) patients. Less patients with normal aminotransferase levels received AVT (70% vs. 91%, P < 0.001) and median time to start AVT was longer (17.9 vs. 2.4 months, P < 0.001). AVT duration was an independent factor associated with HCC, and median duration of AVT was shorter (4.0 vs. 2.6 yr, P < 0.001) in patients with normal aminotransferase levels. The HCC risk of compensated cirrhosis patients with normal aminotransferase level is not low, and AVT duration is associated with lowered HCC risk, indicating that prompt AVT should be strongly considered even for those with normal aminotransferase levels.
INTRODUCTION
The hepatitis B virus (HBV) is a major public health problem worldwide, as well as in Korea (1, 2) . Chronic HBV infection can evolve into cirrhosis and/or hepatocellular carcinoma (HCC) (3) , and HBV is the most important risk factor for HCC in HBVendemic areas, including Korea (4). Unfortunately, there are no effective cures for HBV; currently available treatments, such as interferon and nucleos(t)ide analogues (NUCs), can suppress viral replication but cannot eradicate the virus (3, 5) . Therefore, the decision to treat should be based on assessing the risk and benefit of the treatment.
Guidelines put forth by the American Association for the Study of Liver Diseases (AASLD), the European Association for the Study of the Liver (EASL), the Asian Pacific Association for the Study of the Liver (APASL), and the Korean Association for the Study of the Liver (KASL) recommends different treatment strategy according to the liver disease statues (6) (7) (8) (9) . For patients with chronic hepatitis, treatment is recommended when both serum HBV DNA levels and serum aminotransferase levels are elevated, however, for patients with compensated cirrhosis, treatment is recommended when serum HBV DNA levels are elevated, irrespective of serum aminotransferase levels (6) (7) (8) (9) .
Serum aminotransferase level is a useful indicator to assess the risk of HCC and guide treatment initiation (9, 10) . However, serum alanine aminotransferase (ALT) levels can be elevated in patients with normal liver histology and can be normal in patients with advanced fibrosis (11) (12) (13) . Furthermore, cirrhosis is a major risk factor for HCC (14) , and antiviral therapy (AVT) using NUCs can effectively suppress HBV replications and have been shown to reduce the risk of HCC (15) . Therefore, for compensated cirrhosis patients, AVT is recommended irrespective of serum ALT levels by AASLD, EASL, APASL, and KASL guidelines (6) (7) (8) (9) . However, in Korea, the costs of AVT for HBV are covered by National Health Insurance only if the patient's serum aminotransferase levels are elevated above the upper limit of normal, even for compensated cirrhotic patients with elevated HBV DNA level. As cost for AVT is not reimbursed for patients with normal aminotransferase levels, many Korean patients with normal aminotransferase levels are closely monitored for a change in serum aminotransferase levels, instead of prompt AVT. Limited data are available about the actual HCC risk in HBV-related compensated cirrhosis patients with elevated HBV DNA levels plus normal aminotransferase levels. Therefore, in this study, we analyzed the long-term risk as well as the risk factors for HCC in cirrhotic patients with elevated HBV DNA levels plus normal aminotransferase levels, and compared to cirrhotic patients with elevated aminotransferase levels.
MATERIALS AND METHODS

Study design, setting, and participants
This is a retrospective cohort study of chronic HBV-infected compensated cirrhosis patients who received care at Samsung Medical Center in Seoul, Korea. All patients who had their serum HBV DNA levels measured using the COBAS TaqMan HBV DNA Test (Roche Diagnostics, Branchburg, NJ) between 2006 (when serum HBV DNA testing with the COBAS TaqMan HBV DNA Test first began) and 2011 were screened for potential inclusion in the study. The time of this initial HBV DNA measurement was considered the baseline. We included patients who met all of following criteria: 1) aged ≥ 18 yr with chronic HBV infection, defined by the presence of hepatitis B surface antigen (HBsAg) in serum for more than 6 months or appropriate medical history; 2) the presence of one or more of the following clinical indicators of cirrhosis: thrombocytopenia (< 150,000 platelets per µL), cirrhotic configuration of the liver (nodular liver surface or caudate lobe hypertrophy) and/or splenomegaly confirmed in imaging studies, or the presence of varices (abnormally enlarged veins, detected by upper endoscopy or cross-sectional images); 3) a baseline serum HBV DNA level ≥ 2,000 IU/mL; 4) no previous history of interferon or NUC treatment; 5) no previous history of HCC or HCC diagnosed within a year; 6) no evidence of decompensated liver cirrhosis as indicated by the presence (or history) of ascites, esophageal or gastric variceal bleeding, hepatic encephalopathy, or a Child-Pugh score ≥ 7; 7) no coinfection with hepatitis C virus or human immunodeficiency virus; 8) follow-up duration of more than a year. Ultimately, a total of 1,468 patients were included in the study.
Study variables
The primary outcome variable was the diagnosis of HCC during follow-up. The follow-up period was the time elapsed between baseline HBV DNA measurement and the date of data analysis, which was the 30th of April, 2014. Follow-up assessments were performed on all patients every 3-6 months or more frequently as required, for a period of at least one year. Serum HBV DNA levels were measured in all patients during the entire follow-up period, and patient use of AVT during follow-up (in the form of NUC treatment) was recorded.
HCC (the primary outcome variable) was diagnosed either by histological evaluation or clinical imaging (16) . The following parameters were reviewed: age, sex, medical history, ultrasonography and upper endoscopy results, baseline levels of serum platelet, hepatitis B e antigen (HBeAg), hepatitis B e antibody (anti-HBe), alphafetoprotein (AFP) and HBV DNA, and other blood chemistry parameters at baseline, including aspartate aminotransferase (AST) and ALT levels. Normal aminotransferase was defined as when both AST and ALT level were below 40 U/L. Patients were divided into the two groups (normal aminotransferase and elevated aminotransferase levels) based on serum aminotransferase levels at baseline. The initial lower limit of 12 IU/mL for HBV DNA detection was lowered to 9 IU/mL, but for this study, an HBV DNA level of 12 IU/mL was considered to represent an undetectable HBV DNA level. Complete virological response (CVR) was defined when serum HBV DNA became undetectable (< 12 IU/mL) after NUCs therapy.
Statistical analysis
Baseline and clinical characteristics were summarized with mean ± standard deviation (SD), median (quartile) or frequency (percent) as appropriate, and their distributions between groups were compared by two-sample t-test, Mann-Whitney U-test, or chi-square test as appropriate. The cumulative incidence rate of HCC was calculated and plotted by using the Kaplan-Meier method. Log-rank tests were used to examine differences of the incidence rate among the groups. Risk factor for HCC was assessed using Cox's regression analysis. As the time to start AVT was not uniform, we used AVT duration (which is a time-dependent variable), instead of AVT (yes vs. no), in the Cox's regression analyses. CVR was assessed as CVR duration, instead of CVR (yes vs. no), for the same reason. Independent risk factor for HCC was assessed via multivariate Cox-regression analyses. As AVT duration and CVR duration have high co-linearity, they were separately assessed in the multivariate model. Statistical significance was declared when a P value < 0.05.
Ethics statement
The study protocol was reviewed and approved by the institutional review board at Samsung Medical Center (IRB No. 2014-09-082). Because the study is based on the retrospective analysis of existing administrative and clinical data, the requirement of obtaining informed patient consent was waived by the board.
RESULTS
Baseline characteristics of study participants
Baseline characteristics of the analyzed patients are shown in elevated aminotransferase levels. There were more female patients with normal aminotransferase levels and fewer who were HBeAg (+). The normal aminotransferase levels group also showed higher albumin, lower bilirubin, higher platelet, lower AFP, and lower HBV DNA levels than patients with elevated aminotransferase levels (Table 1) .
AVT during follow-up
During follow-up, a total of 1,258 patients (86%) started AVT after a median of 4.4 months from enrollment in form of NUCs. Entecavir was most frequently used drug (72%). CVR was noticed in 1,085 patients. More patients with elevated aminotransferase levels received AVT (91% vs. 70%, P < 0.001). Median time to start AVT was shorter (2.4 months vs. 17.9 months, P < 0.001), and median duration of AVT was longer (4.0 yr vs. 2.6 yr, P < 0.001) (Table 1) . Also, more patients with elevated aminotransferase levels achieved CVR (78% vs. 60%, P < 0.001), median time to CVR was shorter (15.1 months vs. 26.6 months, P < 0.001), and median duration of CVR was longer (2.8 yr vs. 1.6 yr, P < 0.001). However, when analysis was limited for those who received AVT, there was no significant difference of CVR rate between patients with elevated vs. normal aminotransferase levels (86%, 866/1,005 patients vs. 87%, 19/253 patients, P = 0.87).
HCC incidence rates and risk factors
Throughout follow-up (medium follow-up duration 5.2 yr; range 1.0-8.2 yr), HCC was newly diagnosed in 296 patients (20.2%).
Patients who developed HCC were older, more often male, and HBeAg (+). ALT levels was similar, but AST level was slightly higher in patients who developed HCC. Serum albumin and platelet level was lower while bilirubin, and AFP level was higher. Baseline HBV DNA levels were similar, but AVT and CVR was less frequently seen in patients who developed HCC. AVT duration and CVR duration was shorter in patients who developed HCC ( Table 1) . The overall 5-yr cumulative HCC incidence rate was 16.4%. Age, gender, HBeAg status, AFP levels, and baseline aminotransferase levels (elevated vs. normal) were independent predictors for HCC (Table 2) . AVT duration was also significant factors associated with HCC. As AVT induces CVR, AVT showed high co- linearity with CVR. Therefore impact of CVR on HCC risk was separately assessed. In univariate analysis, CVR duration (year) was associated with HCC (hazard ratio, 0.62; 95% confidence interval, 0.58-0.66; P < 0.001). CVR was associated with HCC development even after adjusted for age, gender, HBeAg, HBV DNA levels and AFP levels (hazard ratio, 0.60; 95% confidence interval, 0.56-0.64; P < 0.001).
HCC risk according to aminotransferase levels
When compared according to the aminotransferase levels, the cumulative HCC incidence rate was higher in patients with elevated aminotransferase levels (3-, 5-, and 7-yr cumulative HCC incidence rate: 9%, 17%, and 28%) but HCC incidence rate was not low in patients with normal aminotransferase levels (3-, 5-, and 7-yr cumulative HCC incidence rate: 7%, 14%, and 18%, P = 0.004, Fig. 1 ). Among 364 patients with normal aminotransferase levels at baseline, AVT was started in 253 patients (70%), and the 5-yr cumulative incidence rate of HCC for patients who received AVT was lower than patients who did not (12% vs. 21%, P = 0.003, Fig. 2 ). Elevation of ALT levels above 40 U/L was also noticed in 270 of 364 (74%) patients after median of 17.4 months (range: 0.2-84.8 months) of follow-up, and the 5-yr cumulative incidence rate of those who experienced ALT elevation was higher than those without (18% vs. 4%, P = 0.005). Age, gender, AFP level, ALT elevation, and AVT duration were independent factors associated with HCC risk in patients with normal aminotransferase levels (Table 3 ). Among 1,104 patients with elevated aminotransferase levels, the 5-yr cumulative incidence rate of HCC for patients who started AVT was lower than patients who did not (15% vs. 38%, P < 0.001, Fig. 2 ). Cumulative incidence rate of hepatocellular carcinoma according to the serum aminotransferase levels. When the aminotransferase groups were compared, the cumulative HCC incidence rate was significantly higher in patients with elevated aminotransferase levels than normal aminotransferase levels (P = 0.004).
HCC risk according to the use of AVT
Fig. 2.
Cumulative incidence rate of hepatocellular carcinoma according to the serum aminotransferase levels and use of antiviral therapy during follow-up. The 5-yr cumulative HCC incidence rate was highest in patients with elevated aminotransferase levels who did not received antiviral therapy (38%, yellow, group 1), followed by patients with normal aminotransferase levels who did not received antiviral therapy (21%, blue, group 2), patients with elevated aminotransferase levels who received antiviral therapy (15%, purple, group 3), and patients with normal aminotransferase levels who received antiviral therapy (12%, green, group 4).
Cumulative incidence of hepatocellular carcinoma
Follow-up duration (yr)
No. at risk Group 1  99  99  76  52  38  30  20  10  3  Group 2  111  111  93  69  50  38  24  14  3  Group 3 1,005  1,005  937  843  713  567  409  268  36  Group 4  253  253  240  219  191  158  136  92 a median of 4.4 months of follow-up. For those started AVT, the 5-yr cumulative incidence rate of HCC was 14%, and was higher in patients with elevated aminotransferase levels (15% vs. 12%, P = 0.001, Fig. 2 ). Among patients without AVT during followup, the 5-yr cumulative incidence rate of HCC was 29%, and the rate was higher in patients with elevated aminotransferase levels (40 U/L) than normal aminotransferase levels (38% vs. 21%, P = 0.005, Fig. 2 ).
DISCUSSION
In this retrospective cohort with treatment-naïve HBV-related compensated cirrhosis, we found that patients with elevated aminotransferase levels are at higher risk for HCC (17% at 5-yr) than patients with normal aminotransferase levels. However, the long-term HCC risk was not low in patients with normal aminotransferase levels (14% at 5-yr). During follow-up, many patients (86%) eventually started AVT. Those without AVT during follow-up showed higher HCC incidence rates (29% at 5-yr) than those with AVT (14% at 5-yr), and AVT duration was a significant factor associated with HCC. In overall, those with elevated aminotransferase levels started AVT more frequently and earlier than those with normal aminotransferase levels, which resulted in higher AVT duration, higher CVR rate, and higher CVR duration, yet, CVR rate was similar between those with elevated and normal aminotransferase levels, when analysis restricted for those who received AVT. Among patients with normal aminotransferase levels, many patients experienced elevation of aminotransferase levels during follow-up, and AVT duration was independent factor associated with lower HCC risk, along with age, gender, AFP levels and ALT elevation during follow-up. A strength of this study is that this is a 'real-life' cohort, with large numbers of patients, large cases of primary end-point (296 patients with HCC), and a long follow-up period (median 5.2 yr) that can demonstrate clinical course of these patients. This study has clearly shown that compensated cirrhosis patients are at risk for developing HCC, and those with normal aminotransferase levels at baseline are also at risk for HCC, although HCC risk is lower than patients with elevated aminotransferase levels. As HCC risk is considerably high for those with normal aminotransferase levels (14% at 5-yr), efforts to minimize the risk is needed. In this study, older age, male gender, higher AFP levels, and experiencing ALT elevation was associated with increased HCC risk, while AVT duration was associated with lowered HCC risk. Although effective suppression of HBV replication cannot completely eliminate the risk of HCC (17), NUC treatment has been shown to reduce the incidence of HCC (15, 18) , and reverse cirrhosis (19) . Therefore, this data suggest that increasing AVT duration by prompt AVT can be a way to decrease HCC risk in cirrhotic patients with normal aminotransferase levels, and support the recommendation from AASLD, EASL, APASL, and KASL that AVT should be strongly considered for compensated cirrhosis patients with elevated HBV DNA levels, irrespective of serum aminotransferase levels (6-9). We observed that time to start AVT was significantly longer for patients with normal aminotransferase levels. As this study is retrospective study, we could not accurately assess the exact reason for initiating and not initiating AVT for individual patient, however, current reimbursement policy for NUCs in Korea (cost for AVT is not reimbursed for patients with normal aminotransferase levels) might be a reason. Revision of current reimbursement policy for HBV-related cirrhotic patients in Korea should be strongly considered.
As HCC risk was low (4% at 5-yr) in those with 'persistently' normal aminotransferase levels, one may choose close monitoring over prompt AVT and treat for those who shows elevated aminotransferase levels. However, this approach needs careful consideration, as one cannot accurately know whether patients will remain having 'persistently' normal aminotransferase levels or not at baseline. In this study, those who experience elevation of aminotransferase levels are at increased risk of HCC, and early initiation of NUC therapy can potentially prevent elevation of aminotransferase levels.
Our findings have several limitations. First, this study is a retrospective cohort study with several potential biases. AVT is well-known factor associated with HCC risk, yet AVT was initiated at variable time point during follow-up. We used time-dependent variables (AVT duration) instead of use of AVT (yes vs. no) to minimize potential bias. However, in order to see definitely whether prompt AVT can reduce development of HCC over watchful monitoring (and AVT after ALT elevation), randomized-controlled trials are needed. Therefore decision to initiate AVT should be individualized balancing the risk and benefit of the treatment until those data are available, yet, considering potential benefit, efficacy and safety of NUC therapy, it may be unethical to perform such trial. Second, large proportion of patients who were classified as normal aminotransferase group experienced ALT elevation during follow-up at different time-point from enrollment. Many of those who were initially classified as normal aminotransferase group may actually be in group of patients with elevated aminotransferase level, as we classified patients according to single point value. Third, it should be noted that almost all Korean chronic hepatitis B patients are infected with HBV genotype C (20) , which is known to progress more rapidly to HCC than other genotypes (9) . Fourth, this study has been conducted in a tertiary referral center, which may have introduced selection bias that more severe cases may have been included. Fifth, we used an aminotransferase cutoff of 40 U/L, as this is the currently used aminotransferase cutoff used by National Health Insurance, however, many suggested lowered cutoff for normal ALT levels (11, 12, 21) . In this study we tested http://dx.doi.org/10.3346/jkms.2015.30.11.1618 lowered ALT cutoff point (e.g., 30 IU/L for men and 19 IU/L for women) to define normal aminotransferase level, yet, the finding were similar and there was no significant difference in the HCC risk between patients with upper normal ALT levels (30-40 IU/L for men, 19-40 IU/L for women) or lower normal ALT levels (< 30 IU/L for men, < 19 IU/L for women) (data not shown).
In conclusion, the present data suggest that compensated cirrhotic patients with elevated serum HBV DNA levels are at risk for HCC (16% at 5-yr). The HCC risk was higher when aminotransferase levels are elevated (17% at 5-yr), but patients with normal aminotransferase levels were not at low risk for HCC (14% at 5-yr). Intervention to decrease HCC risk is definitely needed for cirrhotic patients with elevated serum HBV DNA levels, both with elevated and normal aminotransferase levels. AVT duration was significantly associated with lower HCC incidence, which suggests that increasing AVT duration by prompt AVT, instead of close monitoring for elevation of serum aminotransferase levels, can reduce the risk of HCC in cirrhotic patients with elevated HBV DNA levels even for those with normal aminotransferase levels.
